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SOLUBlUZATION-lNHlBtTOR AND POSITIVE RESIST COtUtPOSUION 



Tho present I'nveniion mlaies to a posHiva resist composiBon. More particularly, it releites tQ a positive 
resist for fine vvorklng with exceller^ resolution, vrhbh is useful for the production of semiconducior devioa? 
such as IC and LSI. 

Haretoford. for a positive raslst composition composed of a mbctura of an allcall-solul>la resin (!.e. a rBSIn 
s solubte in an aqueous alkaline solution) and a photosensitive agent it has been common to use d.g. a 
novolak resin or a polyvinyl phenol as the aJkali-^olutjIe resin, and e.g. an aromatic polyhydroxy compound 
5uch 33 naphthcquinone-{l,2}-diazidosulfonic acid estsr as the photosansHlvB component As the rpvolak 
resin, a phenol-formaldehyde navotak resIn or a creaoi-fonnnaidBhyde novotek resin has besn widely 
practically used. 

iQ Such a positive photoresist composition is designed so that when in^diated witfi active radiation* a 
quinonediaside compound oontalnQd in tfv? composl^on is converted to indeoe cartxpcyiic acid and 
becomes soluble m an aqueous alkaline solution, and utilizing this nature, a positive pattern is formed by 
subsequent development with an ailcaloie solution. For tins pun30se. It has been common to employ a 
raducSorvtypa projection printing u^ng a light of g-line {43enm) or l-line (3e5nm). However, with the 

13 lithography technique using such ulti«kviolet rays, the maximum resolution is expected to be about from 0^ 
to 0,6 um. and It Is believed to be difficult by & converttional lithography tedinique to r&solve a line width of 
less than 0^ iim required for fhe production of 64 M DRAM. Under tfiese circumstances, an attention has 
been drawn to a deep ultraviolet lithography technique in which a fight of a shorter wavelengtii is used, and 
recently, there have been active movements for development of a reduction-type proiec^on. printing method 

20 using a KrF gxclmer laser (245nm). The shorter the wavelength of tiie light used, the higher the resolution 
becomes, but there will be a serious problem with respect to the resist fnaferiai. For example, in tfie novolak 
resist used for the uitraviclet lithography (a composmon comprising a novolaic resin and a naphthoquinone- 
(1,2)-d!a2»dosulfonlc acid e^fesr). the base polymer contains an aromatic ring, and ther^re absorption of far 
ultraviolet rays Is substanflal, arxt the light transmltfanoe Is at a tevel of 20%. Further* the naphthoquinone- 

» (i,2)-d[aadosulfDnic acid ester ae a photosensltfve solublllzatfon inhibitor, also contains an aronfiatic ring. 
Therefore, bJeachvig wll rot talce place at the far ultraviolet region, and the light tor ©xposura hardly reach 
the bottom of ttie resist Even if KrF excimer laser stepper exposure is conducted, no satisfactory pattern 
will be obtained. On the other hend, with a PMMA resist excellent in the light transmlttance* the; sensitivity is 
iow and the dry etching rsslstance is poor, although a good pattern can b<s obtained. Thus, as a resist tor 

30 far ultraviolet rays, thers has beer) found no material which is excellent in ail of the sensltivltyi the resolufion 
and the dry etching resistance. 

As described In the foregoing, with a solubllUcation-lnhibitng 'type resist fbr far ultraviolet rays, the 
transparency and bleaching properties of the sotubllization'inhlbitor give a substantial inftuence over the 
resist perlbnnancer particularly the resolution. Therefore, it Is dealred to develop a solubllizationHnhibltor 

9S excellent in the transparency and tiie bleaching properties. On the other hand, w'rth respect to the alkalh 
soluble resin constituting the base polymer, a highly transparent f^in such as polyvinyl f^ienol Is available, 
and the research for the resists Is directed prlmanly to the development of the photosensitive agent 

Further, in recent years, an o-nltrobenzyl ester, of chofic acJd (E« Relchmanis, et al., J. Vao. Sui, 
Technol., 19, 1338 {1981)) aitd S-dlazomeldramIc add (B. D. Grant, el al,, IEEE Trans, Electron Devices* 

40 ED-28, 1300 (19S1)) have been studied as solubilization-inhlbltpre for far ultraviolet rays. However, the 
former contains an aromatic ring and tiiue is poor In the bleaching properties^ and its solubilization-inihlbiting 
ability is not high. The latter has high bleaching properties but has problems that the solubtiization-lnhlbKIng 
ability Is smail, and it has a sublimation property. 

AS described in tiie foregoing, the ooriventlonal solublRzaClon*>inhibitore am poor In the light transmit- 

45 tance of far ultraviolet rays, and tiiose having good bleaching properties are poor in the sotubliUBtlon- 
ihhlblting performancej whereby the film remaining rate is low. Thereforer ihey are not practically useful lor 
far ultraviolet rays. 

It is an object of the present Invention to provide a photosensitive agent system having high 
transparency to far ultraviolet rays and having a high SQlul>ilizatlon-tnhibiting perfonriance, and a resist using 
eo such a photosensitive agent. 

Under tiiese circumstances, the present Inventors have conducted extensive studies and as a result 
have found that a compound having an ammonium salt as sl<eleton has a high level of solublliiatlon- 
tnhibiting ability against an aikall-soluble resin, and it also will make a photosensitive agent excellent in the 
fight transmittance. The preservt Invention has been acoompGshod on the t}asis of these discoveries' 

Thus, the present Invention provides a positive reslat composition comprleinQ an afomatic grouf>- 

2 
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containing alkali-soluble rssin and a compound having an ammonium salt a$ skelaton. as the main 
components. 

More spociflcaliy, th© present invention pn^vides a positive resist composition containing an ammonium 
salt aa a component which ammonium saJt contains at least one group being possible to give a oarboxylic 
6 add group or phenoOc group by the action of Bron^ted or Lewis anid. or light The ammonium salt Is 
represented by one of the following fonnulas (1) to (4): 

wherein each of and Ra which may be the same or different Is a chain alkyi gnjup having froin 1 to 30 
caiton atoms, a polycyclic alkyI group, a chain alkoxy group, a polycycfic altoxy group or an allyl group. 
Ra js a chain alky! group havir^g from 1 to 30 carbon atoms, a pdycyclic aikyi group or an allyl group, >C" is 
a halogen- HSO*^» CIO*" or 81=6-, Yi is an acid-decomposable group, m is an integer of at least 1 and n 
IS fa an Integer inclusive of 0, pravided that m -i' n » 4: 

20 wherein each of l=U and Bs which may be the same or different is a chain alkyI group having firom 1 to 30 
carbon atoms, a poiycycflc aJkyI group, a chain alkoxy group, a poiycycllc alkcocy group or an aByl group. 
Re is a hydrogen atjom, a chain aikyl group having from 1 to 30 cartjcn atomsp a polycyclic alkyI group or 
an allyl group, X* Is a halogen^, HSOi'^, ClOi- or eFj", Y2 is a radiafion-deoomposabte group of the 
formula: 

25 

O N- O 

II f II 
-C-C-C- 

m is an integer of at least 1. and n is an integer Inclusive of 0, provided that m n = 4; 

I (3, 

^ wherein each of R7, R$ and which may be the same or different is a chain alkyl gnjup having from 1 to 
30 carbon atoms, a polycyclic alkyJ group, a chain aikwcy group, a polycycGc alkoxy group or an attyl group^ 
RiQ is 



4S 




9 



so 

is 3 halogen- H$04- ao*". or BFr. each of t and m Is an integer inclusive of 0. and n is an integer 
of at [east 1, provided that I + m + n = 4: and 

S9 
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wherdfn Rii Is a hydrogan atom, a chain olkyi group having from 1 to ^ carbon atoma, a polycycnc aJkyi 
group or a nitro group. Ria i5 a chain alkyi group having from 1 to 30 caiton atoms, a polyoycllc alkyl 
group or an allyl group. Bis Is a chain aJkyl group having from 1 to 30 cartxxt atoma, a polycycQo alkyi 

iQ Qf(Mp Of an allyl group. X" is a hafogan" HSOa". CI0»- or Bl^", m »s an fntegar of at least 1. and n la an 
integer inclusive of 0, provided that m + n =^ 4. 

New. the poditjva resist composition of th^ present invention will be described in further detail. 
The pr^ant Inventora have studied various compounds for tiielr solubilizatiori-inhibiting abilrties against 
an a!}<ali-^oluOle r&ain such as polyvinyl phenol, and aa a result have found that an alKyl ammonium salt 

15 has a high soiut>i/izatlon-[nhib[fing aUIIty. The aoIublKzation-inhlbiting abiOty of an alkyl ammonium salt 
depends laiigely on the stnicture of the salt liamely. ttie longer the chain of the alkyl group. |je. the larger 
the carbon number, the higher the solubillzatlon-inhlblQng ali^iity, and the larger the number of long chain 
alkyl groups, the higher the soiubilization-inhibfting ability. Namely, it has been found that there (s a 
substantial difference in the solubillzatin-inhibidng ability between a tetra long ch^n alkyl Bmmonium salt 
and a letra short chain alkyl ammonium Further, it has been found also that there Is a remarkable 
difference in the solubilcsatiorWnhlbiting ability between a case where a carboxyf group or a ptienoi group is 
contained in the ammonium salt and a case where no such a group Is contained. Namsly, when a carboxyl 
group or a phenol group is contained in the ammonium salt no substantial solublHzatlon-Inhiblting abtftty is 
shown. Accordingly, by employing a compound containing an alkyl ammonium salt and a group capable of 

25 fonning a cortxixyl group or a phenol group by the decomposition under (n^ation with active nidlation, or 
a group capable of fonning a carboxyl group or a phenol group by the decomposition with en add fomned 
under in'adlatlon with active radiation, simultaneously, it is posable to control the edubnizatfon-lnhlbitlng 
ability by the chain length of the alkyl group. Fnjrther, by the exposure, the carboxyl group or a phenol 
group will be fonned and the chain length becomes short, whereby the exposed portion will have improved 

QQ solubility to the alkaHne developing solution, whereas the non-exposed portion will have no change tn the 
solubility, and patterning will thereby be possible. Such properties ar^ not limited to far ultraviolet nay 
exposure, and so long as a carboxyl group or a phenol grcup will be formed, or the chain length will be 
shortened under Irradiation with ultraviolet rays, electron rays or X-H^ays. auch a material may be used as a 
resist for the corne^onding radiation, 

^ As the add-decomposable group (YO in the formula (1), an ester group, a caitonate group, a silyl ether 
or a silyl ester group may be mdntioned. As ammonium salts containing such acid-decomposable groups, 
salts ef the following fbmnulas (5). (6). (7) and (6) may, for SKsmpla, be mentioned 
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so 
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I" ^ 

tRi«-S|i-0-R„-i5R+^«iBl„X- (5) 

R,5 O 

I II 

Rib O 
I « 

{Rl4-C-0-C-Ri7-i^^f«ia 1 „X- ( 7 ) 

Rl6 



» 9 



I" 

[Rl4-C-0-C-0-Rj7^K+fRi8 ) n^" < ^ ) 

Rl6 



95 



In the above formutm, each of Ru. Ris and Rifi whkii may be the same or different, is a hydrogen 
atom, a chain alkyi group having from 1 to 3Q qarbon atoms, a polycyclic aikyl group, a chain altoxy group, 
a pofycydic alkoxy group or an allyl group. Rt? is a chain alkyi group having frorn i to ao carbon atoms, a 
30 polycycBc alkyi group, a chain efkoxy group, a polycyclic alkoxy group or an allyl group, Rig i« a c^ain alkyi 
group having from I to 30 carbon atoms, a poiycyclic alkyi group or an allyl group, x*- ?$ a halogen'^. 
HSO4', Cf04~ or 8Fs". m Is an imeger ot at least 1, and n is an {nteger Incluslva of 0. provfdect that m n 

SpecificaSy, the following compouncte may be mentioned: 

95 



40 



45 



SO 
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n-C8Hi,'-^i-O-0'CH2-l|r-n-Ci2S2s Br" 
CB3 CH3 



to 



K 



(n-CgHj7-Si-0-C-CH2J3N+-CH3 I" 



CB; 

CH, 0 



CH, 0 CH. 
I Ml P 
>0-C~CHaCH,-N+ 

CH, CH 



n-C^H5-C-0-C~CHaCH2-N+-n-Ci2H2s Br" 



3 



SB 



CB, O CH, 
I I! I 
n-C^Hj-CHD-C-O-Q-CHj-il^-n-C^Hjs Br' 
I I " 

CH3 CB3 



However, th© acid-decomposable Qroup is not restncted to the above so long as it Is capable of being 
decorripo$9d by an add. 

The add-lorming agent used for the above ammonfunn salt is the one which generates an acid when 
30 i/radlated with acb'v© radiation such as tiltravlotet rays, far u/travfolet rays, wclmer lasers or electron beams. 
Number of compounds are known as such add-forming agents* 

Examplee of such compounds include a haJogenated diphGnyl ethane derivative of the "ft^IbMng formula 
(9), 3 sulfonic acid eeter derivative of the following formula (10), an idonium salt of the fbriowing formula 
(11 )r and asulfbnlum salt of the following fomnula (1S): 



40 



so 
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10 



IS 




{10} 



I"^ X" (11) 

/ 

R21 



^29 

R30-S+ X- (12) 
R29 



30 



The ^alog(5natod diph^nyl ethane derivative of the formula (9) Is the one capaWe of forming a halogeno- 
add when irradicited with dctive radiation, hn tfie formula, Ris id a h/drogen atom, a haiogen atom, an «lU<yl 
group, an alkoxy group, a hydroxyl group or a nitro group, Rao is a hydrogen atom, a tiydro^cyl group or 
as Rsi-CONH- (wherein R91 Is an ali^l group), R£i is a halogen atom, and each of and I's a hydrogen 
atom, a halogen atom or an alkyf group. 

The sulfonic add ester derivative of the above fomiula (10) is the one capable of forming a auffonic acid 
when inradiated with active radiation. In the formula, Ra^ is a group blocking the hydrogen stte of sulfoniG 
acid. Such a gn^up Includes: 

40 

O 

9 0 R,A O H 

A II I'* n . 

R32 N-, R33-C-C=K-, Rjg-C-N-/ 



<5 



50 



Y 



OH R39 R41 

Rjg-C-CH-, and I 

Ril 



wherein Rsa is an alkylane group, an all<enylen9 group or an arylene group, each oT Rsa, Rsi, Rasi Ra? and 
R41 is an alkyl group or an aryl group, aach of Has and Ras is an aryl group, and each of B99 and R40 IG a 
hydrogen atom, an allcyl group or an aryl group. Further, Rz^ la an aticyl group or an ailyl group. 



7 
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The lodonium salt of the above formula (9) and thd suKonlum saft of the above formula (12) are fhe 
ones c&pabia Qf forming L9wi9 9Cid$ vyhon irradiated with actfvo radiation, fn fho formulas, each of Rac. R27. 
Rn and Ras is an aryl gtoup, Rao an alkyl group or an aryt group, and X~ te BF«" PFe^, AsFi" SbF^- 
orCKV- 

s Spocifio example? of such an acid-lbrming agent Include: 



10 



ts 



20 



25 



30 



aa 



40 



so 
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CI CI OCHj 

9 ^ 9 

H-C-CCb HO-C-CCb H-C-CClj 

CI CI OCHj 

(9-1) (9-2) (9-3) 

O^-c-© 0 

(10-1) (10-2) 

80 0 

O-C-NH-p-SOz-^GH, 

^ '(10-3) 

O-C-CHrCH-O-SOj^CH, 

0 • 



TO 



f6 



95 



40 



43 



50 



S6 



(10-4) 

.OH 



(10-6) (10-6) 

0CH3 

(11-1) (11-2) 

6 • o 

C12-1) (12-2) 
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However, tho add-forming agent is not limited to fnose exempOfied above. Further, naphthoquinone- 
{1.2Hfiazido&ifltonic add esters «id dlazomeldramlc add, o-n{trot)8nzyl eaters which are used as photoaer>' 
sittve agents for poeiti>PO phoforsaiats, may also be employed. Such acld^rnUng agents by radiaficn may 

s be uaed alone or in combination as a mixture oi tKo or more. 

In a case whena an «»ninQnium salt having 5udi an acid-decomposable group is employed, tfie 
proportions of the respective components are svch that the ammonium «2lt ie from t to 40 parte by weight 
relative to 100 parts by weight of the df^rhsdubie resin, and the acid^rmlng agent by radiation is from 0.1 
to 5D parts by weight relative to 100 p&rts by weight of the ammonium salt 

TO tf the proportion of the add-fomting agent by radiation i5 small, the acid concentration will be low, and 
the decomposition wlii not adequately pnxeed, whereby no adequate dlfferance In the solubility will be 
obtained as between the exposed portion and the non^-expoaed portion. On the other hand. If -the p(t)portion 
of the add4omrung agent by radiation is targe, the light tranamittance of the resist film decreases, whereby 
tt will be dtfflcult to obtain a pattem having good contrast Further, in order to fdcilitdte decomposition 

IS an add. heat treatment may be applied after the exposure. 

The proportion oi the ammonium salt to the alkali- soluble resJn, Is from 1 to 40 parts by weight nelaflve 
to 100 parts by weight of the alkal|-saliit)le re^n. ff the proportion is less than 1 part by wdght. no adequate 
soiubnization-lnhlbiting perfomnance will be obtained. On the other hand, if the pmportion exceeds 40 parts 
by weight, there will be adverse effeds to the coating properties of the resist film or to the dry etching 

20 resistance. 

The compound of the ftormda (2) Indudes the following specific examples:* 



0 N2O 

n-CaHy-hi-f CH2-C7C-C-eCH2^CH3]3 Br" 
.0 N2 O 

n-C3H7-N^CH2'C-C-C-fCH2VCH332 Br" 
CH3 

C2H5 0 N2O 
CaHs-t^^-CHz-C-C-C-fCHaVCHs Br" 
C2H5 

0 N2 p 

Cn^CioH2i32-iJj-CH2CH20-C-C-C-CH3 Br" 
CH3 



However, to compound of the formula (2) Is not limited to the above structures. 
50 These ammonium salts undergo bleadiing upon eKposure, and the light transmtttance after bieaohing 
becomes so high that the radiation reaches the bottom of the resist 

The proportion of the ammonluni salt oontairung such a radiafion-decomposahle group to the aUcali" 
soluble resin is usually from 1 to 40 parts by weight, prefarably from 2 to 30 parts by weight, relativo to 100 
parts by weight of the aikall-solubie resin^ if the proportion is less than 1 part by weight no adequate 
ss satubflization^nhlbitjng ability will be otitained. On the other hand, if It exceeds 40 parts by weight there Will 
be adverse effects to the coating properties of the resist film or to the dry etching resistanco. 
The compound of the fbrmuia {3} Indudes tlie foilomng spedfic examples: 
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CH. ■ ^ 
n-C„H.s-N-CH.CH,^OSO.-Q Br 




N 



2 



n-CeH.-N-CH,CH,HOH0'50,-Q Br 
n-C,H,7 



IS 



90 



35 



CHo 

n-CeH„-N*CH,CH,-OQS0,HQ Br' 
CH, 0=0 

N, 

HowevQr, th© compound of the formula (3) is not (itt^Hed to tii© above stmctuf^?* 

Such snruTionium ealts containing a naphthoquinone diazido group have s high soluljiiization-inhibiting 
abil'rty, and their contents in the resist compositions can thereby be re<3uced as compared with the 
conventional naphthoquinone diaado compounds. Further, they contain no benzophenone moiety, 3n<J the 
light transmittance of the photosensitive agent itself is Improved. Accordingly* they can be used for the 
preparation of restat composttion^ for ultraviolet rays and far ultraviolet ray$ having high sensitivity and high 
resolution. 

The proportion of the ammonium salt having such a naphthoquinone azido group to the alkair-sotubie 
resin is usually fecm 1 to 30 parts by weight. p««ferably from 5 to 20 parts by weight relative to 100 parts 
by weight of the alkali-^olubie rosin. If the proportion 1$ less than 1 pan by weight, no adequate 
SDlubidzatlon-inhibtting ablfrty can be obtained. On the other hand, If It exceeds 30 parts by weight, there 
win be adverse effects to the coating properties of the resist liim or to the dry etching resistance. 

The compound of the formula (4) includes the foilowmg specific examples: 



46 



SB 
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«5 



30 



^CHj-O-C-CHaCHj-N-n-CHis T 

CH, 



13 



10 



0 CH3 
<QKCHrO-C-CH2CHrNHn-CeH,7)2 r 



<^CHrO"CH^CHrN-n-Ci2H 



CH3 



MO, 0 CH3 ' 

<P)-CHrO-C-CH2CH2-N*-{n'C,oH203 V 



O^CH2-0-C-CHjCH2-N-n-C,3H25 I 
^NOa CH3 



H<>w9ver, the compound of ihe f6rmula (4) fs not limited to lfie above structures. 

35 These ammonl(ffn ealte have liigh soiublllsation-inhibtting ability, and their content In the reslet 
COmpOdifiond cen be reduced, and the transparency of tfie resist film vnll be high. 

The proportion of such an ammonium salt containing an o-nitrobenzyl ester group to the alkal'i-solubl© 
resrn is usually from 1 to 40 parts by weight, preferably from 2 to 30 parts by weight, relative to lOD parts 
by weight of the alkaJr-scluWe re«ln. If the proportion is less than 1 part by weight, no adequate 

40 sdubilization-Inhfbiting ability vyiK be obtained, and If It exceeds 30 parts by weight, there will be adverse 
effects to the coatins properties of the resist film or to the dry etching resisfcance- 

The aJkail'^oluble resin userfuf for th« present Invention Includes a phenoKormaidehyde novofak resin, a 
cfBsoMormaldehyde novoiak resin, 9 polyhydroxyiene, a copofymer of a hydroxyetyrene monomer with 
other vinyl monomer, a copoiyrner of a methacryliq acid monomer with other aipmallc gmup-containing 

4& vinyl monomer each as a styroie«methacry1tc acid copolymer, a copolymer of a methyl methacryitc acid 
monomer with other aromatic group-oontainlng vinyl monomer, such as a styrene-methacrylfc acid 
, copolymer, and a resin containing a phenol group or a carboxyl group and an aromatic group. However, the 
alkarhsoluble resin of the present Invention is not limited to such specific ejcamples. 

The resist composition of the present Invention is soluble tn an organic solvent. When It Is used for the 

SO preparation ot Integrated circulte, It is employed usually in the form of a solution (a neslst solution). In such 
a case, the above composition is dissolved usually in an amount of from 1 to €0% by weight, preferably 
from 5 to 30% by weight, in an organic solvent and adjusted. The solvent bo be used for this purpose is 
pnsferably the one which is C3pat)te of unlfomrUy dissolving the respoctive components of the positive 
phgiorasist composition of the present invention and capable of providing a uniform smgolh ooatmg layer 

69 whan the sdufion Is applied to the surface of a substrate such as silicon or aluminum. fbOowed by 
evaporation of the ofganic solvent Specifically, ft Includes a ketone solvent such $ acetone, methyl ethyl 
ketone, cydopentanone or cycioh»»none, a cefl^ive solvent such as meth^ cellosolve, ethyl CdRosolve. 
butyl oallosolve. methyl cellosalve acetate or ethyl cellosolve acetBto. and ether solvent such as 
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teirahydfofurain or cll«?thylene glycol dimsthyl ether, and an ©ster solvent such as ethyl acetate or butyl 
acetate, Hovrav^r, the sdvent Is not limitsd to such specinc examples. 

ITie 8t3ove organic solvents may be used ^one or In combination as a mixture of two or mom. 
In addition to the above component?, sensitizers, dyes, piastictzers. other r«^ns, inhlt^rs such as 
5 themial reaction inhibitors and adhe^on promoters, may be added to the resist composltfons of the present 
invention, as the case requires. 

As mentionsd above, the positive resist compcsition of the preserrt Invention may be prepared into a 
resist solufion, and a reiief pattern may be formed with it by means of oonventronai photoresfst techniques- 
Now, the method of forming such a r^ef pattern wlii be described, 
fo Rfstiy, the resist solution prepared aa desodbed above, is coated to a substrate. The coating to the 
substrate may be conducted by e.g.e a sfrfnner. then, the ooated solution is aubjectad to baking at a 
temp&rature of from 60 to 120* 0, preferabfy from 80 to 100* C. for from 20 to 60 irtinutes- After baldng. 
ultraviolet rays, for ultraviolet rays or exdmer laser Is in-adiated to this coating film through a photomask 
chart Middle ultraviolet rays may aleo be employed. 
T6 If necessary, the substrate Is then subjected to heat tiBatment at a temperature of not higher than 
160* C by means of e.g. a hot plate. 

Then, the exposed portions v^ll be washed away with a developing solution to obtain a relied pattern. 
AS the developing solution, a weakfy alkaline aqueous solution having a concentraSon of e.g. not higher 
than 5% by weight of e.g. sodium hydroxide, potassium hydroxide, sodium metasllicate of tetramethylam- 
fio monium hydroxide, may be employed. The resist pattern thus fomied Is exceiient In both the resolution and 
contrast. 

Further, by u^ng the pattern formed by using the resist composition of the present invention as 
described above^ as a mask, it is possible to conduct etching of a substrate. 

Now, the present invention will be dsscribed in further detail with reference to Bcamptes. However, it 
25 should ba understood that the present invention is by no means restricted by such specifo Examples. 



PREPAFIATION EXAMPLE 1 

CH3 

n-CaH,rSi-O^CH2-N-n-C«H25 Br 
05 ' CH3 CH3 



1.1 Preparaion of: 



410 



"-CBH,rSi-0-<Q-CHiBr 

4S i ' 

CH3 . 

Into a 100 ml three-necked tiask equipped with a reflux condenser, a dropping funnel and a stin^r, 10 g 
SQ (54 mmol) of 4-hydra3cybenzyl bromide, 9.1 g (134 mmol) of imidazole and 10 ml of dry dlmethylfbfmamide 
(DMF) were introduced and stin-ed. Then, 13.3 g (64 mmo!) of n-octyfdimethylchloroslane was dropwtse 
added over a period of 10 minutes, and the mixture was stirred at room temperature for 24 hours. After 
completion of the reaction, the solvent was distilled off under reduced pressure, and 50 ml of chlorofomn 
wes added to tho residue. The mudure was washed three tim^ with 60 ml of ^ o.i N sodium chloride 
^ aqueous solution. The chloroform solution was concentrated under reduced pressure and then dried under 
vacuum to obtain the above Identified compound. 
Amount 1S.ag. Yield: 81%. 
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Preparation of: 

„-CsH,r4i-0"©-CH2-NVC,2H25 Br" 
CH, CHa 

Into a 5Q ml threa-nectcQd flask equipped wiih a reflux condenser and a stinrsr, 3^ g of N«N-<Rm^hyh 
AHjodecvlamlne and 0.5 ml of dry ethanol were added and stlriBd. Then, 5.0 g (14 mmol) of the compound 
Dbt^ned In step t.1 was dropwise added over a period of 30 minuted, and the nrvtxture was heated and 
refkixed. After ccmpletion of the reactloni the reaction mixture wad pourod Into 100 mi cf ethyl ether. The 
ts pr9clpitat99 formed were separated, then washed with 10 ml of ethyl ether and dried under vacuum to 
obtain tfid above identif^Gd compound. 
Amount 4.4 g. Yield: 55%. 

Charactedstic peak in the ^H-NMR spectrum (CDCla): 
A (3 0.07 -0-S((CH3)2-) 
20 B 3.3 = N* KCHafe) 

C (ff 0.84 terminal methyl) Intensity ratio of A:5:C 1:1:1 

PREPARATION eXAMPLE Z ' 

2S 

CH3 0 CH3 
^ ,X4H9-C-0-C-CH,CH2-l;lVC«H25 Br 

^ 2.1 Preparation of. 

CHj 0 
n-C«H3-C-0-C-CH2CHjBr 

^ Into a 100 ml thme-neotced flask aqulpped with a reflux condenser, a dropping funnel and a atlrrer, 10 g 
(B6.1 mmol) cf 2-methyI-2-haxanol and 50 ml of dry pyridine were Introduced and stirred. Theo, 17.7 g 
(1 03.3 mmot) of a-bromopmplonyl chlcrfde was dropwise added over a period of 80 minutes under cooling 
in an ice water bath, and the mbouna wa$ stirred at room tempersiture for Z4 hours. After complefion of the 
reaction, the solvent waa distiiied off under reduood pressure, and the above identified compound was 

50 Isolated by silica gel column chromatography. 
Amount 18.2 g. Yield: 75%. 

2-2 Preparation of: 



14 

PAGE 32/56 ' RCVD AT 3/23/2005 3:18:25 PM [Eastern Standard fime]' SVR:USPTO{FXRF-1/24* DNiS;2731381 ' CSID:S087874730' DURATION (inin-ss):12-44 



03/23/2005 16:41 5087874730 



ROHM AND HAAS PATENT 



PAGE 33/56 



EP 0 412 457 A1 



CH3 0 CH3 
n^C^Hfl-C-O-C-CH^CRj-NVc^Hjs Br' 
CH3 CH3 

Into a 50 ml three-necked flask ©quipped with a reflux condenser and a stinrer, 4.Q g mmoO of 
N.N-dimethyl-n-dodecylamlne and 5.0 ml of dry ©thanol were introduced and stfrred. Then^ 5.6 0 (22^ 
10 mmol) of the compound oWained in step 2,1 was dropwise addgd over a period of 30 minutes^ and the 
mixture was heated and refluxed. After compieCon of the reaction, the reaction mixture was poured into 100 
ml of ethyl ether, the precipitates formed were separated, then washed wHh 10 ml of ethyl ether and dried 
under vacuum to obtain the above identified compound. 
Amount 5.2 fl. Yield 65%. 
i€ Characterlstfc peaks in the ^H-NMR spectrum (ODCIa); 
A (5 0.07 -0-Si(CH3)2-) 
B(5 3.3 « N*-(CH3)3) 

0 (i OJM terminal methyl) intensity ratio of A:B:C ^ 1:1 :1 



30 



25 



SO 



05 



EXAMPLE 1 

A resist oompoaition having the follovWng composltfon was prepared. 
CH3 CH3 

n-CaH,rSi-0-Q-CH,-N-n-CuH25 • Br" 

CH3 CH3 g 



6 0,03 g 



^ p-vinylphenol polymer (molecular weight = 5,000) 2.0 g 
Ethyl celloflolve 8.0 g 

^ This resist eolu&>n was apln-co&ted at a rate Of 2.S00 rpm/60 sec on a silicon wafer having 
hoxmetfiyldlsiiasane (HMDS) sptcraaled thereon at a rate of 2,00Q rpm/^O see. This wafar was prel^aksd 
in an oven at 80*C fbr 30 minutes to obtain a coating film of 1.0 jxm. Thon^ the above ooeting film was 
subjected to exposure at various doses by means of a KrF excimer laser stepper (NA = 0.35). TTten. the 
wafer was heat-treated at iOO'C for 90 seoonds on a hot plate and then developed with a 2.38% 

so tetramethylammonlum hydroxide aqueous solution for i minute, then rinsed with water for i minute, 
whereupon the thickness of the remaining resist film was measured. Then, the remaining film thickness 
(standardized) was plotted against the dose for exposure (mj/cm^), and the minimum dose (sensitivity) 
where the remaining film thickness became 0. was determined and found to be about 35 mj/cm^ Thus, it 
was found to be a poative resist of high sensUIvfty. Then, the rewat film obtained in thQ «ame manner 

^ above was subjected to exposure (50 vn^cm^ using a quartz mask. fbOowed by development under the 
same condUion as above, whereby bL^S pattern of 0<5 um with an excellent profile was obtained. 
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The operation was conducted (n the eame manner aa In B^annple 1 except that the follQwlng compound 
was used as the ammcmlum salt 

5 

CH3 p CH3 

n-Cx 0-CtC H2 C H2 -N -A-C,2 H25 Br 

^0 CH3 CH3 

A seneMvrty of 60 nr\i^om^ wea obealned, and a L & S pattern of O^e Um an sxcadent profile was 
obtained. 

EXAMPLES 

The 6perat!on was conducted In the same manner as In Example 1 except that the foHowfng compound 
^ waa used as the aoid-f^rnning agent 

(□-C-CHrCH-O-SOrO^CHj 

A sensitivity of 90 rr^cmZ was obtained, and a L & S pattern of 0.5 um with an excellent profile wea 
obtained* 

aa 

H)0VMPLE4 

The operation was conducted In the same manner as In Example 1 except that an electron beam 
^ exposure apparatus (accelerating voltage of 20 kV) was used Instead of the KrF excimer laser stepper <NA 
= 0.35). As a reautti a aenaitivit/ of 15 iiCAsm^ was obtained, and a L & 8 pattern of 0.5 urn with an 
excelient profile was obtained. 



EXAMPLE 5 

The operation was conducted In tfie same manner as In Example 2 except that an elecf on beam 
exposure ^aralus (accelerating voltage of 20 kV) was used fnatead of the KrF excimer laser stepper (NA 
- 0^), A$ a result, a sensitivity of 20 ^C/cm^ was obt^ed, and a L ^ S pattern of 0^ urn with an 
excellent profile was obtained. 



EXAMPLE d 

The operation was conducted In the same manner as in Example 3 except that an efectron beam 
exposure apparatus (accelerating voltage of 20 kV) was used instead of KrF excimer laser stepper (NA « 
0.35}^ As a result, a sensltivfty of 12 uOcm^ was obtained, and a L & 8 pattern of 0.5 um with an excellent 
profile was obtained. 



PR5>ARATtON EXAMPLE 3 
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0 N2O 

n<:3H7-Nf CHs-C-C-CfCHaVCHsi 6f 

S.1 Preparation oh 



70 

0 

Into a 100 ml (hreo-necked flask equipped with a reiffux oondensar, a dropping funriGl and a etirrar, 10 g 
{169 moiol) of n-propyJamlne and 60 ml of ethyl ether w«r9 introduced and stirred Then. 11.59 g (84.6 
rriniol) of bromoaoetone v?as dropwise added over a period of 10 minutes, and the mixture was heated and 
refiuxed for 24 hour?* After completion of the reaction, the solvent was distilled off under reduced pressure. 

^ and n-propytamino acetone was Isolated by ailica gal column chromatography. 
Amount: 4.58 fl. Yield; 47%. 

Irrto a 100 ml three-necksd flask equipped with a retfux condenser, a dropping funnel and a stin^r, 4.sa 
g (38-8 mmoi) of n-propy{aminoacetOf\e arid 20 ml of ethyl ether were introduced and stirred. Then, 2,72 g 
(19.9 mmoI) of bromoacBtone was dropwiso added over a period of 10 minutes, and the mixture was heated 

^ and refiuxed for 24 hours. After completion cF the reaclton, the solvent was distilled off under reduced 
pressure, and ni^ropyUimlnodiacetone was lisolatied by silica gal column chromatography. 
Amount 1 .36 g. Yield: 40%. 

Into a SO ml three-necked fiaak equipped with a refJu>c oondenaer and a stimsx, 1 .36 g (7.94 mmoi) of n- 
propytemtnodiacetone, 1,25 g (9.13 mmol) of bromoacetone and 6 ml of ethanol were Introduced, and 

^ heated and refiuxed for 24 houre. After completion of the reaction, the reaction eolution was poured into 30 
ml of ethyl ether. The precipitates formed was separated, than washed With 5 ml of ethyl ether and dried to 
obtain the above idenlified compounds 
/^ountl.71 g. Yield: 70%. 

as 

3.2 Preparation of: 



40 S H 9 

n-C3H7-N-f CHa-C^C-C^CH^VCHals Br' 
H 

Into a 50 ml thre^eclced flask equipped with a reflux condenser, a dropping funnel and a stirrer, 1,71 g 
(5.55 mmol) of the compound obtained In step 3,1 » 0^ 9 (33,3 mmol) of sodium hydndo, 5 ml of ethyl 
ether and 5 ml of DIVIF were introduced, heated and reJIuxed. Then, 6.66 g (33.3 mmol) of athyf n-caprate 
was dropwtee added under stimng, and the mixture was then heated and refiuxed for 1 hour. After 
completion of the inaction, the reaction solution was poured into 30 ml of ethyl ether. The precipitates 
^ formed were separated, then washed with 6 ml of ethyl ether and dried to obtain the abov« identified 
compound. 

Amount: 3.42 g» Yleid: fi0%. 



56 3.3 Preparation of: 
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5 



1€ 



30 



33 



0 N2p 

n-C3H7-l^-fCH2'C--C~C-eCH2VCH3]3 Br" 



No a mt thred-neck6d fladk equipped with a refhix condenser and a stirrer, 0.42 g (4.44 mmd) of 
tha compound obt^udd In Hem 3^ 1.48 g (14,6 mmol) of trteftytemin©, 10 ml of acetonKrife and 15 ml of 
DMF were Introduced, and 5 ml of an acetonitrlle solution containing ZJB7 g (14j6 mmol) of p-faluenesul- 
fonyia2ide, was dropwlse added Iherefo. The mbcture was stlmed at room temperature for 3 hour^ and then 
ccncentralficf under reduced pressure. Th« concenlrated solution was poured into 30 ml of ethyl ether. The 
precipitates fbrmed were separated, then washed with 5 ml of ethyl ether end dried to obtain the atxwe 
Identified compound. 
Amount: 3.01 g, ^sld: SO%, 
Characterfstrc peaks In the IR spectrum: 2,150 cm-» 
Elemental analysis: 
0 = 61-2% (ceioulated: 50.4%) 
H = 8^% (calculated: 8.8%) 
N = 10.3% (calculated: 11.5%) 

PREPARATION EXAMPLE 4 



«5 ^ 0 N2O 

n-C3H7-Nf CH^-C-'C-C-fCHaVCHsJa Br" 
CH3 



4.1 Prepargtfon of: 



9 H ? 

n-Ca H7-N-6 C Ha-C-C-C-eCHzV CH3]2 
H 

Into a 50 ml three-necked flask equipped with a reflux condenser, a dropping funnel and a atfrrer, 1.0 g 
(5^ mmol) of flie n-ptopylamlnodiacetone compound obtained in step 3.1 of Pr^eration Bcample 3, 0,567 
g mmol) Of eodfum hydride, 6 ml of ethyl ether and 5 ml of DMF were infroduced. and the mixture 
wae heated and refluxed. Then, 4^ g {^.7 mmol) of ethyl r>caprate was dropwise added over a period of 
10 minutes under sdtring, and then Ihe mixture was healed and reftuxed for 1 hour. After completion of the 
^ reaction, the solvent was dletilled off under reduoed pressure, and the above identified compound was 
isolated by silica gel column chromatdgraphy. 
Amount 2.1 g, Yield: 75%. 

^ 4.2 Preparation of: 



'? H 9 

n-CaHy-N-fCHa-C-C-C-eCHaVCHat Br 
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fnto a $0 ml three-neckod Hasfc equipped with 9 reflux condenser and a sflrrer. 2,1 g (4,38 mmol) of the 
oompound obtained in step 4.1, 0.4a g (4.82 mmol) of bromomathane and 5 ml of ethanol were Introduced, 
and the mtxture was heated and rafluxed for 24 hours. After completion of the reaction, the leaotioa eoJutioii 
was poured Into 30 m! of ethyl ether. Tba prectphated farmed were aepareied, then washed with 5 ml of 
« ethyl ether «nd dri^d to obtain the above identified compound. 
Amount 2.14 g, Yietd: 85%. 



4.3 Preparation cl: 

10 

0 N2O 

n-CaHy-N-fCHa-C^C^C-fCHxVCHst Br" 
CH3 

Into a 50 ml three-necked flaek equipped witii a r^ifhjx condenser and a stin'er» 2.14 g (3.72 mmol) of 
2Q the oompound obtained in step 42, 0.62 g (8.18 mmol) of triethylamine, 10 ml of aoetonitrife and 15 ml of 
DMP were Introduced. Further, 5 ml of an d«etonltrlle aolutlon containing 1.61 g (8.18 mmol) of > 
tohjenesuKonyiasiide. was dropwise added thereto. The mixture wae etirred at room (emperaturB tor 3 houns 
and then conoentrated under reduced pressure. The ooncentratsd solution was poured Into 30 ml of ethyl 
ether. The predpltaites formed were separated, then washed with 5 ml of ethyl ether and drlad to obtain the 
25 above Identified compound. 
Amount: 1^8 g. Yield: 80%. 
Characterlsfic peak In the IR spectrum; 2.150 cm"^ 
Elemental analysid; 
C « 5a4% (ofcufated: 57.5%) 
SD H => 8.6% (catcuiaied: d.4ro) 
N - 10.9% (calculated: 11.2r«) 

PREPAflAtlOM EXAMPLE 5 

95 

0 N2O 

Cn-CioHaij2ft-CH2CHzO-C-C.-C"CH3 Bf 
CH3 

4S 5.1 Preparation of: 

[n-CioHzijrN-CHaCHaOH 

60 Into a 100 ml three-necked flask equipped wHh a reffux condenser, e dropping funnel end a stirrer, 10 g 
(33.6 mmol) of dM^ecylamine and 50 mf of ethyl ether were fntroduced and stirred. Then, 2.10 g (16.B 
mmol) of 24?romo0thanoE was dropwise added over a peifod of 10 minutes, and the mMure was healed and 
refluxed for 24 hours. After completion of the reaction, the solvent was distilled off under reduced preeeui^. 
and the above identlffed compound was isolated b/ silica gel column tfiromatography. 

5S Amount 8.18 0, Yield: 66%, 

52 Preparation of: 
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0^0 

[n-CioHai^rN-CHjCHzO-C-C-C-CHi 

n 

s 

Into a 100 ml tru^eo-necked flask equipped with a reffux condenser, a dropping funAel and a stirror^ 3.16 
9 {9^5 mmol) of the compound obtained in step 5.1| 15 ml of benzene and 0.3 g of sodium acetate were 
introducsd, ^d the mixture was healed and refliDced. Then» 5 ml of a beiizene eolutton oontalnlng 8.11 g 
(37 mmoO of diketone, was dropv^ee added over a period of 30 minutes. Then* the mixture was heated and 
refluxed for 4 hours. After completion ai fli® reaction, the solvent was disfSHed off under naduoed pressure, 
and the above ide^ntrfted compound was rsolated by silica gs\ column chromatography* 
Amount 2.36 Yield: Q0%* 
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SO 



2S 



35 



53 Preparafk>n ofi 



'0^0 
Cn-CaoH2i3rN-CH2CH20-C-C--C-CH^ Br" 
CHs - 

Into a 50 ml three-recked flask equipped with a reflux condenser and a stirrer. 2^ g (6-54 mmol) of 
the compound obtained tn step 5.2, 0.58 g ^.10 mmol) of bromomathane and S ml of ethanol vvere 
introduced, and (tie mixture was heated and refluxed for 24 hours. After completion of the reaction, the 
reac^on solution was poured Into 30 ml of ethyl ether. The precipitates formed were separated, then 
washed with 5 ml of ethyl ether and dried to obtain the above idenSfied compound. 
Amount: 2^45 g. Yield: 85%. 



5^ Preparation of: 

[n^CioHai^rN-CHaCHzO-C-C-C-CHa Bf 



Into a 50 ml three-necked flask equipped with a reflux condenser and a stirrer, 2,45 g (4J0 mmol} of 
Ifte compound obtained in step 5.3. 0.53 g (5.20 mmol) of trie^lamlne, 10 ml of acetonltrile and 15 ml of 
DMF ware Introduced. Further, 5 ml of acetorritrile solution containinQ 1.02 g (5.02 mmop of p-toluene 
sulibnyl azld<? was dropwis© added thereto. The mixture was stin^ at room temperature for 3 hours, and 
then concentrated under reduced pressure. The concentrated solution was poumd into 30 mi of ethyl ether. 
The preciphafees formed were separated, then washed with 5 mi of ethyl ether and dried to <^in the above 
identified compourid.' 
Amount: 1.80 g. Yrekl: 70%. 
Characteristic peak In the IR spectrum: 2,150 cm^ 
Omental analysis: 
0 = 60.2% (cateulatad: 59.3%) 
H = d.7% (cateulated: a.5S%) 
N = 7.5% (calculated: 7.69%) 
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PREPARATION EXAMPLE 7 



A teski composition having the following compo^on wes prepared. 



s 



0 N2O 

h-CaHy-f^-ECHi-C-C-C-eCHa^CHaJs Bf 



0.3 g 



TO 



p-vinylphenol polymer (molecular weight = 5,000) 
Ethyl cellosolve 



2*0 g 



e«0 g 



This resist solution was spin-coated at a rata of 2,500 rpm/60 s&c on a siljoort wafer having 
hexamothyldlsilazan {HMDS) spin coated Ihoreon at a rate of 2.000 rpm/60 sec. This wafer was probalced In 
an oven at SO* C for 30 minutes to obtain a coating film of 1.0 tun. Then, this coating film was su&jwtcd to 
exposuro at various dosoa by mean^ of a KrF exclmor laser stepper (NA = 0.35). After the exposurs, ^ 
wafer was developed with a 2.:3S% tetramathylammonium hydroxide aqueous solution for 1 minute and tiiwi 
rfnsod with water tor 1 minute, wfiareupon the thickness of the remaining resist film vfas moasur©d. Then, 
the remaining film thickness (standardized) was plotted against the dose for exposure (mj/cm^), and the 
minimum dose (sensitivity) whore fha remaining film thickness became 0 was detennir»d and found to be 
about 100 mj/cm*. Thus, it was found to be a positive vesiet of high sensitivity. Then, a resist film obtained 
in the same manner as abov« was subjected to exposure (1S0 n\jfcm^ using a quartz mask, followed by 
devetopment under the same oondition as above, whereby a L & 3 pattern of 0-5 iim whh an excellent 
profile was obtained. 



TTie operation was oonduct^ in the same manner as In Example 7 except that a compound having the 
following formula was used as the ammonium saft. 



A sensitivity of 80 mj/cm^ was obtained, and a L & $ pattern of 0^ iim with an excellent pru»e was 
obtained. 



E)CAMFLE9 

The operation was conduotecl In the same mamer as In Example 7 except that a compound having the 
following fonnula was used as the ammonium salt. 

so 



so 



EXAKiPLEd 




40 



CH3 



[n^CioH2iarN-CH2CH20-C-C.-C-CH3 Br" 




CH3 
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A sensitivity cf 80 rnj^cm^ was obtafried. and a L & S pattom of 0^ urn wJtfi an excellent profile was 
obtflined* 



5 PREPARATION EXAMPLE 6 



, 



n-C.H,,-N-CH,CH,-O-6S0, 




6.1 Preparation of: 



* CH, 

n-C.H.T-N-CHjCHj-Q-OH 
CH, 

2S 

into a 100 ml ihree-rtecked i\a$k equipped wltft e r^x condenser, a dropping funnel and a stim^r, 10*0 
g mmol) of 4-(2-bromoethyl)phenol was Introduced, and M5 g (55.0 mmol) of N,l>hdlmettiy^n- 
octytamine was dropwtee added liom the dropping funnel over a period of 5 minutes. After oompletion of 
90 the drepwise addrtion. the nocture was heated to 90*0 end stln^d for g hours. After oompletion of the 
reacflon. the reactlort mixture was dissolved inl5 ml of ethanol. and the solution was poured into 300 ml of 
nrh^ne. The separated viscous oil component was separatsd and dried to obtain the above Identmed 
compound. 

Amount 17.0 g, Yield: 95%. 

SS 'H-NMR (CDCb) 0.87 (3Ht,J=7,2Hz), 1.10-1.48 (10H,m), 1.5W^ (2H,m), 2.78-a94(2H.m), 351(9H^), 
3^-3.e3(SH.m). e^(2H^J=^8.6Hz), 7,02(2HAJ=8.BHz) 
MASS {m/By. 358 (M*) 



40 Preparation of: 



45 




htD a 100 ml threfr necked flask equipped wfth a reflux condenser, a dropping funnel and a sUn-er, 7.74 
0 (21.6 mmol) of tbo compound olstalned In step e.1. S.80 g (21.8 mmol) of 1 ^aphthoquinonedlazido-S- 
SUlfonio add chloride, 60 ml of acetone and 20 ml of methanol wore introduced. Then. 3.31 ml (23.7 mmol) 
of triathylamine was dfopwise added thereto from the dropping funnel over a period of 10 minutes. After 
completion of the dropwise addition, the mixture was stirred at room temperature tor 2 hours and 
concentrated under reduced pressure. TTia concentrated solution was poured into 800 ml of 1% hydmchb* 
ric acfd. The separated oil component was collected and dried, and the obtained solid was recrystallized 
linom ethanol to obtain the above identifled compound. 
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Amotmt 9^ g. Yield: 75%. 

^H-NMR (CDCfe) «: 0-85 (3h.W = 7^HzX 0^8-1.422 (10H.m). 1.53-1.71 (2H,m). 2^3.15 (2H.m), 3.33-3^ 

(2H.m), 3.47 (6H,8). 3,64-3.80 (2H.m). 6.86 (2H.d,J«7.SHz). 7^4-7.8S (3H,m). 7.41-7,54 (2H,m}. 8.10 

(2H^J=7.BHz>, Sjea (2H/J,J = 7.6H2) 
ff IR (KBr): 2,150 cm"^ (C = Na) 

Elemental analysis: (CzaHjelNjO+SBr) 

C = 57^3% (calcutatad: 56.959^} 

H = e.2fl% {calculated: 6-14%) 

N - 7X)2% {calculated: 7.11%) 
to B'^ 3.48% (calculated: 5.43%) 



PREPARATION EXAMPLE 7 



35 Into a 100 ml three-necked flask equipped with a reflux dondeneer. a dropping tunnel and a stJixer, 10.0 
g (S0.0 mmol) of 4-(2-bromQethyl)phenol was introduced, and then 15.2 ml (55,0 mmol) Of N^-dimethyhn- 
dodecylamine wa« dropwise dddad from lih® dropping funnel ovsr a period of S minutes. After completion of 
the drapwteo addition, th@ mbcfure was to 80* C and atfrrdd for 2 hours. After completion of the 
reaction^ the reaction mixture was dissolved in 15 ml of ethanol. Th& solution was poured into 300 ml of n- 

^ hexane. The separated >ndcous oil component wa« collected and dried to obtain the above identified 
compound. 

Arrwunt 18,8 g, Yj©id; 90%. 

'H-NMR (CDCb> i: 0^ (3H.tJ«7.SHz). 1^S-1.45 (18H^). 1.50-175 <2H,m), 2.73-2^ (2Hjn). 3.15 (6H.S). 
3,33-3,60 (5Km), 6,37 (2H.d.4 = 8.6Hz). 6-94 (2H,d.J = aeH2) 
45 MASS (m/e): 414 (M*) 



7.2 Preparatlcm of: 



2Q 




25 7-1 Preparation of: 




CH3 



65 
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Into a 100 ml three-recked fl3$k equipped with a reflux oondenssr, b dropping funnel and a stirrer, 6.40 
g (1&.4 mmd) of the compound t*taJned in step 7.1, 4.40 g (18,4 rwnol) of l,2-naphthoqulnonedlazido-5- 
sulfofilo acid chtoilde. 60 ml of acetone and 20 ml of methanol were Introduced, mi 2.51 ml {18.0 mmol) of 
tfiefhylamin© was dropwise added thereto from the dropping funnel over a period of 10 mjnutDC After 
« oompl^^on of the dropwise eddltton, the mfxture we? sflrred at room, temperature for 2 hours and 
ooncentreted under roduoed pressure. lh& concentralBd 5olutJon was poured into 100 ml of 1% hydrochlo- 
ric acid. The separated ol\ component was coflected and dried, "Rw obtained solid was reorystalilzed from 
ethanol to obtain the above identified oompoundr 
Amount e.d4 g. Yield: 65%, 

Id ^H-NMR (COCIa) B: 0.84 (3H,t.J = 7.0Hz), 1.00-1.49 (18H,m), 1.5S-t,75 (2H^), 2^3.07 (2H.m), 9.30-3.52 
3.31 (BHfi), 3.60^.85 (2H»m). 6.88 (2H.d,J=7.8H3). 7.22-7.38 (3H.m), 7,40-7.52 (2H.m). aiS 

(2H,d,J = 7.BH2), 8.62 (2H,d^ * /.SHz) 

IR (K8iO: 2.150 cm"' (C = N2) 

□smental anaJyaia; (C32H44NdO^$Br) 
rs C = 59.10% (calculated: 59.43%) 

H = (calculated: 8.86%) 

N » 6.17% (calculated: 8.80%) 

S - S.33% (calculated: 5.00%) 



20 

PREPARATION EXAMPLE 8 



SO 



n-C«H.7-NtcH,CHa^050;^ Br" 



a.1 Preparation of: 

Ca H,7 -N-CH3CH3-Q)-0H 



Into a 100 ml three-necked flask equipped with a reflux condenser, a dropping funnel and a stirrer. 10.0 
9 (50^ mmoi) of 4-(2^)n5moethyl)phenbl was introduced, and 14^ g (55.0 mmol) of N,N-dj-n-wtyl- 

45 methylamine was dropwise added from the dropping tunnel over a penod of 5 mjnutes. After compJetion of 
the dropwise addftion. fh© mixture was heated at 90* C and stirred for 3.5 hours. After completion of the 
reacUon, the reaction mixture was dissolved In IS ml of ethanol, and the solution was poured into 300 ml of 
n-hexana The separated viscous oil component was collected and dried to obtain the above Identified 
compound. 

50 Amowt 18-6 g, Yield: 86%. 

iH-NMR (CDCIa) Si 0.S7 (8H,tJ-7ms), 1.00-1.72 (24H.m), 2.62-2.81 (4H.m). 3.02 (3H^). 3.24-3.52 (4H.m). 
3.82 {lH.bs). 6.83 (ZH,d.J=8.5H^, 6-82 (2H^ J=>8.SHz) 
MASS (m/e): 456 (M^) 

8.2 Preparation of; 
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10 



19 



90 



CH, 

n-C.H.r-N-CH,CH,-O-050; 

n-Ce Hi? 




into a 100 ml three-necked flask «:]uipped with a rsflux condensflr, a dropping funnef and a s^&r, S.OS 
g (17.6 mmol) of the compound obtained In step 8.1, 472 g (17^ mnnoi) of 1 ,2-naphtlioqulnonedia2ldo-5- 
sulfonic acfd chiorid©, QO ml of acetone and 20 mf of methanol were introduced. Then. 2J0 ml. 19,4 {minol) 
of triethylamine was dropvyrsa adcM thereto from the dropping funnel over a period of 10 minutes. After 
completion of Ihe dropwise addition, the mixture was sfined at room tamperature for 3 houn» and 
concentrated under reduced pressure. The concentrated solution was poured Into 300 nn! of 1% hydroctito- 
rfc flcid. The eeperated oil component wag collected end dried, "me obtained solid wee recrystaUized from 
ethanql to obtain the above identified compound 
Amount 5.12 g, Yield: 42%. 

^H-NMR (CDCb) 5: 0.86 (6HAJ=7.2H2). 0^5-1,76 (24H/n). 2J5-2.90 (4H,m), 3.27-3.45 (2H.in). 8,24 (3H,s). 
3,52^.73 (2H.m), 6,65 (2Hxl.J-8,0Hx). 7,20-7,36 (3H.m). 7.41-7,55 (2HM 8-14 (2H.d J = 7.7H2), 8.63 
20 (2H,d,J=7.7Hz) 

IR (KBr): 2,150 om-^ {C = Nj) 
eementai analysis: (CasHsoNaO^SBr) 
C = 61.13% (calculated: 61.03%) 
H = 7.33% (calculated: 7.32%) 

^ N = e.15% (calculated; 6,10%) 
S ^ 5.07% (calculated: 4.66%) 



EXAMPLE 10 

A resist composition ha>^ng the following composition was prepared. 

» n.C«H.,-N-CH,CH,^OSO,X} Br ^ 

Mm, 

40 p-vinylphenbl polymer (molecular weight » 5,000) 2-0 g 
Ethyl cellosolve 6,0 g 



^ This resist solution was spin-coated at a rate of 2,500 rpm/60 sec on a silicon wafer having 
hexamethyldisilazan (HMDS) spin-ooated at thereon a rate of 2,000 rpm/60 seo. This wafer was prebaked in 
an oven at 80* C for 30 minutes to obtain a coating film of 1.0 um. Then» the coating film was subjected to 
e9(posiird at various doees by means of i-Dne stepper (Na = 0.40). After the exposure, the wafer was 
developed with a 2.38% tBtramethyiammonium hydraxide aqueous solution for 1 minutei and then nnsed 

^ with water for 1 minute, whereupon the thlctaiess of the remaining resist film was measured. Then, the 
remaining tllm thickness (standardized) was plotted against the dose (mj/cm^)» and the minimum dose 
(eensitivity) where the remaining film thickness became 0 was determined and tiound to be about 200 
roikrr^. Thus, it was found to be a positive msist of high sensitivity, TTien, a resist film obtained in the same 
manner as above was subjected to exposure ^240 mj/cm^ by means of a quartz mask, followed by 
development under the same condition as above, whereby a L & S pattern of 0.6 Um v^th an excellent 
protire was obtained. 
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BCAMPLEIt 



The opOTflon was conducted in tha came manner a$ In BcampTe 10 except that a compound of the 
follovtnng forraula was used as the ammonium saft: 

s 

n-C«H„-NtcH,CH,-O-0S.0,-Q Br" 

A sensitivity of 250 n^/cm* was otitalno^ and a L & S psttem of 0.6 Um with 9n ©xceltent profile was 
obtained. 

EXAMPLE 12 

^ The operation was conducted In the same manner as in Example 10 exoept that a compound of ihe 
fbllovidng structure was used as ih9 ammonium salt 

CH3 r 

^ n-C.H„-N^CH,CH^HQ-OSO,-Q. Br" 

n-CflHw 7 

A ^nsftivity of 270 mj/bmj> was obtainodp and a L & S padfem of 0.6 Um with an excellent ptofite was 
obtained. 

eCAMPLE 10 

The operatian was concTuctod In the same maimer as in Bcample 10 exoepl that as the ateppw, a KrF 
as^mer iaser stepper (MA = 0^8) was used. As a result, a sensitivity of 400 mi^cm* was obtained, and a L 
4a & G pattern of 0.6 um an exceSent profile was obtained, 

PREPARATION EXAMPLE 9 

48 

^-CHrO-C-CH2CHj-N-n'Ci2H2s I 

50 CH3 



9.1 Praparatron 0^ 
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O-CHrO-C-CH^CHz'I 

5 

Into a 100 ml thrBe-necked flask equipped wHh a refiux condenser, a dropping tunnel and a stirrer. 10 g 
(0.05 mol) of 3-iadoprQpi9nic edd and 40 rnl of methanol were intioduoed and $tuTed. Then, a solution 
obtained by dissolving 2 g (Q.0$ mol) of sodium hydroxide in 20 ml of methanol, wa$ dropwlse added over 

iQ a period of 30 minutes. A$ the dropwise addition proceeded. whKe predpitates formed. After completion of 
tfie dropwise addition, ttse mixture was stinred at 90 for 1 hour. After completion of te reaction, tto 
solvent w^' distilled off under reduced pressure^ and the residue was dried under vacuum. 

Into a 300 ml three-necked fteek ec{viipped with a reflux condeneer. a dropping funnel and a stiiror, a 
solution obtained by dissolving 5 g (0.0225 mol) of the above-mantfoned sodium 3-iodopropionate in 80 ml 

Y5 of pure water and a solution obtained by dissolving 6^ g (0.0293 mol) of o-nitrobenzyl bromide, were 
introduced, and the mixture was heated and rofluxed for 4 hours under a nitrogen stream. After completion 
of tie reaction, ethanol was distfiled off under reduced pressure^ and the residue was extracted with 
50 ml of chloroform. The cTiloroform solution was dried and concentrated, and ttien th9 above identified 
compound was Isolated by silica gei column chromatography. 

^ Amount; 5-65 g. Yleid: 75%. 



0^ Preparation of; 

NO2 0 CH3 
^Q-CHj-O-C^CH^CHrN-r 



into a 50 mt three-necked flasic equipped with a reflux condenser, a droppirvg funnel and a stinrer, 2 g 
(9-36 mmol) of IM,N-dim9thyl-n'<Iadflcylamin6 and 2 ml of dry ethanol were introduced and stirred. Then, a 
OS -solution obtained by dissolving 3.70 g {11.2 mmoO of the compound obtained in step 9.1 In 10 ml of dry 
etf^anol, was dropwfse added over a period of 30 minutes, and th^n the mixture was healed and refluxed far 
2 hours* After completion of the reaction, the reaction mixture was poured into 100 mi of ethyl ether. The 
precipitates formed were separated, tfien washed with S ml of ethyl ether and drted under vacuum to obtain 
the above identified compound. 
40 Amount: 2.82 Yield: 55%. 

Characteristic peaks in the '^-NiWfl spectrum (CUCb): 
A 0.86 terminat methyl of a long chain aikyi group) 
B ($ 3.2s - N* -(CH«)£) 
C (« 7.3^3 aromatic hydrogen) 



PREPARATION EXAMPLE 10 



^NO, 0 CH3 
O-CHrO-C-CHiCHa-N-ln-CBHnJz I 



56 



The operation was conducted in the same manner as in Preparation Example 9 except that 2.4 g of 
methyl-di-n-octylamine was used Instead of 2 g of N,N-dimethyhn-dod9cylamine in step 9.2 in Preparation 
Example 9, 
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Amount: 2.76 Yiefd: 50%. 
PREPARATION EXAMPLE 11 

-NO. 9 _ CHar 



H2-O -C -Q^CHrN- n-C,2 Hjs 
CH3 



Th© operation was oonducted in the same manner as In Prsperation Example 9 ewept that 13 g of 4« 
lodomeeiyfbenzdc ecfd was used fnetaad of 10 g of 3Hodoprt)pkmic acid rn step O.I in Pnsparallon E^tampfe 
9* 

Amount a4Z g, YFekt 60%. 



at) 



eCAMPLE14 

A resist oamposWon having the following formula was prepared. 



^ -CHrO-C-CHjCHi-N- n-CnHis 1' 

CH3 



90 



BO 



p-vxnylphenol polymer (molebular weight « 5,000) 2.0 g 
Bthyl cellosolve 8.0 g 

TWe resist solution was spin-coatad «t a rate of 2.500 rpm/60 sec on a silicon wafer havfng 
hexamethyldlsUazane (HMDS) 5pIn<oated thereon at a rate of 2,000 rpm/BO sec. Tlite wafer was pi^baked 
In an oven at 80 C for 30 minutes to oWaIn a coating film C3f i.o am. Then, th© coating film was eubjeotsd 
to exposure at various dosee by means of a KrF exdmer laser stepper (NA - 0,3S), After th© exposure, the 
wafer was developed with a 2.38% teframethylammonium hydroxide aqueous solution fbr 1 minute, and 
ften rinsed with water for 1 minute, whereupon the thickness of th© remaining resist fBm wee measured. 
Tfwn. the remialnrng remaining lesist film was meaeured. Then, the remaining film thickness (standardized) 
wsfi plotted against the dose for exposure (mj/ciri*), and the mWmum dose (sensitivity) where the remaining 
film thickness became 0. was determined and found to be about 100 mj/cm*. Thus, it was found to be a 
posffiv© iiBSist having a high sensitivity, 

Tlisn, a resist film prepared in ttie same manner as mentioned above was subjected to exposure (150 
mj/cm^) using a quartz mask, followed by development under the same oondittORS as above, wheteby a L & 
5 pattern of 0^ um with an excellent profits was obtained. 



EXy^PLEl6 



95 



The operation was conducted in tho same manner as In Example 14 Except that 0^ g of a compound 
of the fbliowing efnicture was used aa the ammonium salt 



2d 



PAGE 411156' RCVD AT 3/23/2005 3:18:25 [Eastern Standard 



03/23/2005 16:41 5087874730 



ROHM AND HAAS PATENT 



PA6E 47/56 



EP 0412 467 A1 



10 



16 



ZO 



90 



05 



45 



GO 



<^CHrO-C-CH2CHrN4rrCaH,7)2 I" 

A sen^ity of 80 rt^^ was obtained, and a L & 8 pattern d 0.5 Um with an exceUent prufila was 



EXAMPLE 16 

The cH^ration was conducted in the same manner a$ m Bcannptd t4 except that a compound having 
the following formula was used as the ammonium aaft 
p. 63 



f5H?H2-0-C-O-CH,-N-n-C«H„ 

CH3 



• 0 CHj. 



A sendtMfy of 90 mjA^m^ was obtainedr and a L & S pattern of <X5 Mm with an OKooJiont profila was 
obtained. 

As described in the foregoing, the positive photoredrat oomposHion of the present Invention has high 
transparency after exposure in a ultraviolet or far ultraviolet region, whereby the sensitivity and the 
resolution can be impmved. F=urther, the solubiilzatlorvlnhibWng ablRty of the solubil^zatjo7^^nhibitor is high, 
and fh^ film remaining rato at the non^'exposed portion is high, and it rs thereby possible 10 farm a resist 
pattern with high praoision. Further, rt has sensitivity to e.g. electron beams, whereby a pattern similar to 
^at formed by ultraviolet rays or far ultraviolet rays, can be formed. Thus, such a composrtiDn can be used 
as a resist for the production of LSI or super LSI for which the requirements for resolution are expected to 
be mors severe from now on. 



Claims 

1. A positive resist composition comprising an aromadc group-containing alkalheoluble resin and a 
compound having an ammonium salt as skeleton, as ihe msdn oomponems. 

2. The positive resist composition according to Claim 1, wherein the compound having an ammonium salt 
as skeleton, is decomposable by an acid. 

3. Tlie positive resist composition according to Claim 1 , wherein the compound having an ammonium salt 
a3 skeleton, is decomposable by active radiation such as ultraviolet rays, far ultraviolet rays, electron beams 
or X-rays. 

4. The po^ve resist composition acoordlng to Claim 1 or 2, wherein the compound having an ammonium 
salt as skeletoni is a compound containing ai least one alkyi gn^up having an ackklecomposable group and 
having a structure represented by the following formula (1)* and which contatna as a third oomponent an 
scid-fbrmlng agent which generates an at^d when Irradiated with active radiation: 



lRl-Yl-R2^^f«3]„X- (1) 



Wherein each of fti and whfcti may be the same or differant, is a chain aikyi group having Irom 1 to 30 
oarbon atoma, a polyoyoBo aR<yl groupi a c^n alkoxy group, a polycydic alkoxy group or an allyi group, 
Ra is a chEon ailcyl group having from 1 lo 30 carbon atoms, a potyoyollo alkyI graup or an ally! group, X~ Is 
a halogen", H804~, ClOi" or BFe", Yi Is an add-deoomposable groupi m is an integer of at leaat 1 and n 
is an Integar indusiva of 0« provided that m n ° 4. 

5. The positiva photorasist composition according to Claim 4« wharoin the aokMeoompoaabIa group of the 
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formula Yi Is an est«r group, a carbonate group, a sllyl ether group or a sllyl est^r group, 

e. The positive resist compositfon accordlitg io Claim 1 or 3. whemln the campound having an ammoniuin 

salt as steletan. has a stnjctura o1 the following formula (2): 



10 



15 



40 



Wherein each of FU and Rs which may be the same or dlffsrant. i3 a chain alkyl group having from 1 to 30 
carbon atoms, a pofycycTjc alkyl group, a chain allcoxy group, a polycycDo alkoxy group or an aUyJ group. 
Re is a hydrogen atom, a chain alkyl group having from 1 to 30 carbon atoms, a polycydic alkyJ group or 
an allyl group. X" a halogen-, HSO*", CKV^ or eF«- Is a radiation-decomposable group of the 
fomnuJa: 

O 0 

a ii'ii 



m is an Integer of at least 1, and n ie an Integer Inclusive of 0, provided thart m + n = 4 
ae 7, The positive resist composition according fo Claim t or 3, wherein ttie compound having an ammonium 
salt as skeMon. has s siruchire of the following fomiula (3): 

I (3) 

30 wherein each of Rr, Ra and Rs which may be the same or different. Is a chain alkyl group having from 1 to 
30 carbon atoms, a polycycllc afkyi group, a chain alkoxy group, a polycycilc alkoxy group or an aflyl group, 
RiQ is 





is a halogen^', HSO+" CICU* or BFg". each of t and m Is an Integer Inclusive of 0. and n is an Integer 
of at least 1. provided thatl+m'<-n'^4. 

8. TTie positive resiet composftlon according to Claim 1 or 3, wherein the compound having an ammonium 
^ salt as skeleton^ has a strudure ol the foUowing formula (4): 



SO Rii 



wherein Ri i is a hydrogen atom, a Chain alkyl group having from 1 to 30 csuton atoms, a polycydic alkyl 
group or a nitro group. Ru a chain alkyl group having from l to 30 carbon atoms, a polycydic alkyl 
group or an allyl group. R13 ie a chain alkyl group having from 1 to 30 carbon atoms, a polycydic alkyl 
group or an ally! group, X- is a hatogen- HSO4-, CIO4" or BFe" m is an Integer of at least 1, and n is an 
integer inclusive of 0, provided that m -i- n - 4. 
An ammonium salt contains at least one group being possible to give a carboxyRo acid group or phanolio 
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group by the action of Bronsted or Lewfe acid, or flght 
• 10, The ammomum daJt aocoitJing to Oalm fi, wherein the salt has a structure of the follov^flng ftwmjia (1): 

wherein each ot Ri and R2 which may be the same or different, is a chain eikyi group havln9 from 1 to 30 
carbon atoms, a polycyclic alkyi group, a chfen alkoxy group, a poIycycHc alkoxy group or an aJfyf grotjp. 

Is a diain alkyI group having from 1 to 30 carixin atoms, a poIycycKc alkyI group or ah alJyl group, is 
a hafogen , hso*. , ClOi^ or Bf=G^. Yi is an add-decomposabte gnpup» m Is an Integer of at least 1 and n 
ia an Integer Inclusive of 0, provided that m + n = 4. 

11. The ammonium salt according to Claim 10, wherein the aofd-deoomposable group of the tonnula Yi is 
an ester group, a oaitonate group, a silyf ether gnoup or a silyf ester group. 
IS ^^onium salt accor^ng to Claim 5. wherein the salt has a structune of th© tbifowing ftmiula (2): 



20 



wherein each of FU and R$ which may be the same or different, Is a chain elkyl group having from 1 to 30 
cartpon atoms, a polycyclic alky! group, a oh^n alkoxy group, a polycyclic allwxy grwp or an allyl group, 
Re id a hydrogen atom, a chain alkyI group having from 1 to 30 carbon atoins, a polycydic alkyI group or 
an allyl group, K 15 a halogen" HSO4-, CJO4" or BFg- Y2 Is a radiatfoiKlecomposabte group of the 
fonmulia: 



II If' II 



so m is an integer of at Isast 1. and n is an Integer inclusive of 0. provided that m + n = 4. 

13. The positive resist composition according to Claim 9, whsraln the salt has a structure of the following 
formula (3); 



OR 



Init- 



io 



(3) 



00 



Wherein each of R7, and which may be th© same or dlflierent is a chain alkyf group having l^om 1 to 
30 carbon atoms, a polycydic alkyi group, a chain alKoxy group, a polycyciio alkoxy group or an any! grtnip. 
Rio is 





Is a haiogen- HSO4." CIO«- or BFtb" each of I and m is an Integer Jnolusfve of 0, and n is an Integer 
of at least 1, provided that i + m <^ n ^ 4^ 

U. The ammonium salt according to Claim 9, wherein the salt has a structure ot ttw feOowIng formula (4); 
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iT^NO, II 
I ...0^™2-0-C-R„^X^Rl3]^X- (4) 

5 

whefdn Rn tea hydrogen atom, a chain afl<yl gnxip teving from 1 to 30 carbon atoms, a polycycfic alkyl 
group or a nrtro group, R12 te a chain aikyi gro^D having from T to 30 carbon atoms, a polycycKc afkyi 
gnjup or an ally! group. Ria is a chain aJkyI group having from 1 to 30 carbon atoms, a poJycycRc alkyl 
group or an allyl group. X- is a halogen" HSO+- CIO*" or BFt", m te an integer of at k»ast 1p and n an 
mteger induslv^ of 0, provided that m + n = 4. 
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